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Introduction 

Th e quality of indoor air (3) has emerged 
as one of the principal health concerns 
of the drive to eocr^y conservation (2), 
particularly in northern latitudes where 
a harsh winter climate leads to strenu- 
ous efforts to diminish the dissipation 
of heat. A common and important source 
of indoor pollution is tobacco smoke, in 
particular, cigarette smoke (2), and 
Canada is among the world leaders in per 
capita cigarette consumption (3). Adverse 
effects of environmental exposure to 
tobacco smoke, also called passive smok¬ 
ing, have been demonstrated in most 
(4-12) but not all (13-15) studies of lung 
function in children. In adults* effects 
have been inconsistently found, but they 
may be more pronounced in subjects 
older than 40 yr of age (16-20). Adverse 
effects appear to be less readily demon¬ 
strable in warm dry climates (14,15,21). 
On balance, the evidence suggests dose- 
response relationships between exposure 
and any adverse effect on lting function, 
although estimates of exposure have been 
far from quantitative (22, 23). The ob¬ 
jective of the present study was to deter¬ 
mine whether cumulative lifetime ent 
vironmemql exposure to tobacco smoke 
in the home and/or at work affects the 
lung function of young adults 15 to 35 
yr of age. This age group has not previ¬ 
ously been the target of investigation, and 
such cross-sectional data as exist do sot 
point to adverse lung function effects (16, 
18). This is somewhat surprising since a 
recent longitudinal study suggests that 
passive exposure to maternal cigarette 
smoke reduced the rate of lung function 
growth of young persons 4 to 28 yr of 
age (7). In the present research, an effort 
was made to develop a cumulative index 
of lifetime exposure of a more quantity 
live nature than the essentially qualita¬ 
tive indices used previously. 

Methods 

The study combined data from two sources: 
(/) lung function information collected in 
1980-1981 as pan of a cross-sectional study 
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investigating the evolution of lung function 
in the transition from adolescence to early 
adulthood in approximately 900 young adults 
without occupational exposure to dust or 
fumes (24) (hereafter referred to as the par¬ 
ent study), and (2) information on their life¬ 
time environmental! exposure to tobacco 
smoke and other home pollutants obtained 
by means of a questionnaire developed spe- 
ri ficaliy for the purposes of the present study. 
The questionnaire was mailed during 1983 and 
1984 to all participants of the parent study. 
Only subjects who reported never having 
smoked regularly before the date of the lung 
function tests were retained for analysis. 

Study Population and Lang 
Function Data 

The parent study has been reported in full 
eliewhere (24). In brief, subjects in the target 
age group (15 to 35 yr of age) were recruited 
on a volunteer basis from a school, a junior 
college, and two ddwntown Montreal bank¬ 
ing institutions (table 1) They answered an 
mtervicweT-administered respiratory symptom 
questionnaire (ATS-0LD) (25) that included 
questions on smoking, and they performed 
the following lung function tests: (/) forced 
expiratory nowrvotume curves with measure¬ 
ments of FVC, FEV,, peak expiratory flow 
rate (PEFR), forced expiratory flow rate in 
the middle half of the FVC (FEF fi . n ). and 
forced expiratory flow rates after 50 and 75 ft 


of FVC had been expelled (Vmax* and 
Vmaxn); (2) singk-braath diffusing capacity 
for carbon monoxide (Dlco) with correction 
for back pressure calculated from carboxy* 
hemoglobin (COHh^O measured by an oxy¬ 
gen tebreathing technique; (3) FRC measured 
by a constant pressure volume displacement 
plethysmograph. The slow VC was also 
recorded to allow calculation of residual vol¬ 
ume (RV) and TLC. Futher derails on tech¬ 
niques, calculations, procedure, and selection 
of measurements used to characterue each 
participant^ lung function are given in the 
earlier report (24). 
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TABLE 1 

SOURCE Of THE STUDY POPULATION 
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CHARACTERISTICS Of THE »3 NONSMOKING SUBJECTS* IN WHOM THE EfFECTS 
Of ENVIRONMENTAL EXPOSURE TO TOBACCO SMOKE WERE STUDIED 
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£«vifonmen/a/ Exposures at Nome 
and at Work 

The questionnaire used to assess environmen¬ 
tal exposures ams divided into two parts: home 
exposures and work exposures. A separate sec¬ 
tion dealt with home exposures to cooking 
and heating fuels. An introductory letter ask¬ 
ing the subjects to participate in a study on 
indoor air quality and lung function accom¬ 
panied the questionnaire. To assist the sub¬ 
ject’s recall of past exposures, separate sub¬ 
sections of the questionnaire made up of the 
same series of questions dealt with the fol¬ 
lowing seven life reference periods: 5 yr of 
age and less (preschool)j 6 to 11 yr of age 
(elementary school), 12 to 17 yr of age (high 
school). 18 to 22 yr of age (college for some), 
and 23 to 27, 28 to 32, and older than 32 yr 
of age. For each time period, the subject was 
asked how many persons lived in the same 
bouse and how many smoked! if there were 
smokers, the relationship to the subject was 
ascertained, and the average daily cigarette 
use was established based on the following 
code: light, less than 10 cigarettes; moderate, 
less than 20; heavy, 20 or more In addition, 
use of cigars or pipes by household members 
was ascertained. 

In the case of bank employees, the exposure 
to environmental tobacco smoke at work was 
assessed. Subjects were asked to report on the 
habitual “smoke conditions'* that were pres¬ 
ent in each “area" in which they had ever been 
employed, both at the bank and earlier in their 
career. If tobacco smoke was seen and/or 
smelled occasionally, the exposure was consid¬ 
ered light; if such was usually the case, the 
exposure was labeled moderate; and if that 
was always so, the work exposure was con¬ 
sidered heavy. In the case of the students, h 
was assumed that they were not exposed dur¬ 
ing classes. The final two sections of the ques¬ 
tionnaire dealt with the personal smoking 
habits of the subject and certain respiratory 
symptoms (copies of the questionnaire are 
available on request). 

indicts of Environmental Exposure to 
Tobacco Smoke at Home 
The questionnaire yielded two indices of cu¬ 
mulative exposure. The first was obtained 
from i the product of the number of house¬ 
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hold members who smoked and the number 
of years living in the same household as the 
subject (persons x years). The second index 
was obtained by summing the product of the 
number of packs smoked per day by each 
smokeT in the household and the years he/she 
lived in the same home as the subject (packs 
per day x persons x years). Packs per day 
were calculated from the code used by the sub- 
jeet in the questionnaire to describe the fam¬ 
ily members* smoking habits as follows: light, 
moderate, and heavy smoking habits were as¬ 
signed values of 5,15; and 25 cigarettes per 
day, respectively; if unknown, La. if a family 
member smoked but it was not known how 
many cigarettes, a value of 7 cigarettes per 
day was assigned, and Ithe total was converted 
to packs per day assuming 1 pack equals 20 
cigarettes. 

Indicts of Exposure to Tobocco Smoke 

at Work 

Bank employees were asked ito assess smoke 
conditions in the work area as light, moder¬ 
ate, heavy* or unable to quantify, These 
qualitative assessments were arbitrarily con * 
verted to number of cigarettes as follows: light 
- 5, moderate « 15, heavy - 25, unable 
to quantify ■ 7. The total was divided by 
20 to yield packs and multiplied by duration 
to yield pack-years of exposure at work. For 
calculations of both home and work closure 
indices, exposure that occurred after the date 
of the lung function test was excluded. 

Indices of Exposure to 
Home Cooking Fuels 
The length of time living in homes using nat¬ 
ural gas or electricity as a cooking fuel was 
calculated for each subject, yielding two in¬ 
dices of exposure to cooking fuel expressed 
in years of exposure. 

Analysis 

The contribution of the indices of environ¬ 
mental exposure to the prediction of lung 
function test results was examined usingmul- 
tiple linear regression (&AS statistical pack¬ 
age, GLM procedure) (26). Men and women 


were analyzed separately Each regression 
model contained age, height; Queielet index 
(100 x weight/height*), respiratory pressures, 
and cumulative exposure to cooking fuels at 
home When examining the ef fect of exposure 
at home,, cumulative exposure at work was 
included in the regression equation. When ex¬ 
amining for the effect of exposure at work, 
cumulative exposure at home (persons x 
years) was included in the predictive model. 

Rooutte 

Two hundred ninety-three subjects in the 
parent study (133 men, 160 women) were 
considered to be nonsmokers according 
to their answers to the questionnaire ad¬ 
ministered at the time of the lung func¬ 
tion tests. Other descriptive characteris¬ 
tics are shown in table 2, and the defini¬ 
tion of a nonsmoker is made explicit in 
the footnote to this table; table 3 pro¬ 
vides the mean lung function results for 
these subjects. 

The principal study results are pre¬ 
sented in table 41 Exposure at home (ex¬ 
pressed as persons x yean), and at wor k 
(expressed as packs/day x years) was 
similar in men and women. However, in¬ 
verse relationships between lung func¬ 
tions and environmental exposure were 
found more often in men than in women. 

For instance, in men there were inverse 
relationships betw e en cumulative ex¬ 
posure to environmental tobacco smoke 
in the home (persons x yean) and flows 
at low lung volumes (FEFu-n, p < 0.01; 
^aiXn, p < 0.05 and less strong for 
ymax»*p -0.06). Similar relationships 
were found when the cumulative ex¬ 
posure at fioiac was expressed as 
packs/day x persons x years (data not 
Ihown). However, the greater variability 
in this latter measure of exposure with 
larger standard errors reduced the level 
of statistical significance When parti- 
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TABLE 3 

LUNG FUNCTIONS IN 293 NONSMOKING SUBJECTS 
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timing the home exposure according to 
the fsmily member who smoked, an in¬ 
vert relationship between the EEF»»*n 
and maternal i smoking habits was also 
demonstrated with a regression coeffir 
dient for FEF„. n of 0i04 L/s per 
pack/day per year that the mother 
smdfced (p < 0.05). The effect of environ¬ 
mental tobacco smoke exposure in the 
different periods of life was alio exam¬ 
ined in men, but not in women, a statists 
cally simificant inverse association bt- 
tween exposure before 17 yr of age and 
fEFw-n was found; When the analyses 
were restricted to the exposure during the 
5 yr immediately preceding the lung func^ 
tion tests, no such association was ob¬ 
served. A small decrease in RV with in¬ 
creasing"" cumulative exposure at home 
(persons x years)wa$ also found in men. 
The cumulative exposure to environmen¬ 
tal tobacco smoke at work was much 
lower than that at home. There was, how¬ 
ever, an invfrse relationship between the 
alow VC and incieasmg exposure at wor k 
In men (p < 0.05).^ 

In women, there was no significant 
relationship between any of the lung 
functions measured and cumulative ex¬ 
posure to environmental tobacco smoke 
at home (persons x years or packs/day 
x persons x years). However, cumula¬ 
tive exposure at work (packs/day x 
years) showed a statistically significant 
Inverse relationship to Dlcck but had no 
effect on spirometric parameters or lung 
volumes. 

Oiacusalon 

v Tbe present results suggest that environ¬ 
mental exposure to tobacco smoke dur* 

ling the growth period of the lungs, espe¬ 
cially early in life, permanently affects 


iheir mechanical properties in young men i 
(reflected in changes in derivatives of the 
flow-volume curve), whereas closure to 
"second-hand smoke at work affects the 
diffusing characteristics of the hmg in 
young womem These findings comple¬ 
ment published data implicating home 
exposure, particularly to mothers' ciga¬ 
rette smoking. Thus, inverse relationships 
between environmental exposure to 
tobacco smoke and parameters derived 
from the FVC maneuver (27) have been 
Scribed in both sexes, though the rela¬ 
tive effects in males and females vary in 
different studies, and there are also in¬ 
consistencies between studies as to rela¬ 
tive deficits in large or small airways func¬ 
tion (23). Our findings demonstrating 


mostly small airways abnormality in men 
are consistent with those of Taussig and 
coworkers (28, 29), who have reported 
differences in the mechanical properties 
of the lung with greater susceptibility to 
small airways obstruction in boys than 
in girls. Male-female differences similar 
to our own results have also been reported 
in young active smokers (30). 

The effect of environmental exposure 
to tobacco smoke at work on the diffus¬ 
ing capacity of young women has not to 
our knowledge been previously docu¬ 
mented. This is due at least in part to the 
lack of studies examining the long-term 
c on sequ en ces of this exposure in the 
Workplace (31). In a similar age group, 
Enjeti and coworkers (30) found de¬ 
creases in diffusing capacity in relation 
to active smoking more prominent in fe¬ 
males than in males. These sex differ¬ 
ences may reflect distinct pathophysio¬ 
logic responses to environmental agents, 
which may in turn contribute to the sex 
differences in the incidence of chronic 
airflow obstruction and primary pulmo¬ 
nary hypertension! 

Mild reductions in some King volumes 
(RV) in relation to exposure at home and 
Jk t work (VC, TIC) were found in men 
only. These reductions in lung volumes 
may represent a decre m ent in lung growth 
anaJdgous to that reported in children for 
FEV, in relation to environmental ex¬ 
posure to tobacco smoke (7). However, 
caution in interpreution is needed since 
the multiple tests of significance (involv¬ 
ing both exposure and response measure- 


TABLE 4 

DEGRESSION COEFFICIENTS OF LUNG FUNCTIONS ON INDICES OF CUMULATIVE 
EXPOSURE TO ENVIRONMENTAL TOBACCO SMOKE* 
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menu) are likely to have resulted in tome 
associations achieving statistical sig¬ 
nificance by chance. On the other hand,? 
•one of the assoqptfbttf A n gt es t effects 
(hat are by no mwuiiulfriificunt. For 
instance, the FEF«.„ of a young man 
20 yr of age who had never smoked and 
always been at home would be 800 ml 
less if both his parents smoked than if 
they did not. Similarly, a young woman 
who bad never smoked but who had 
worked in an office for 10 yr where smoke 
was always seen or smelled would have 
a Dlco 3 units lower than if she had 
worked in a smoke-free office. 

In most previous studies containing 
subjects in a similar age group, no rela¬ 
tion between lung function and environ- 
mental tobacco exposure was found (16, 
18,19). Reasons for positive findings in 
this study may includf tour use of a cu¬ 
mulative and essentiallyquantitative es- 

‘tive one oSTS) with^i consequence 
a lessening of the attenuation of dosc- 
gesponse relationships that inevitably ac¬ 
companies tnisdassification (32). The use 
of a questionnaire to assess a subject’s 
exposure to second-hand smoke has been 
validated; at least for recent exposure 

(33) j However, the assessment of past ex¬ 
posure by questionnaire has limitations 

(34) that are likely to have caused an un¬ 
derestimation of the actual hingfuncti& 
deficit attributable to second-hand 
•moke. 
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